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Magnets 


Magic 


ANCY and Edward were out riding with their 
father and mother. It was after dark. 


They came to a place where there was a tall 

fence along the street. Their father stopped the car. 

“There is something here I want you to see,” he 

said. “The big building on the other side of the fence 

is a steel mill. Notice the big pile just back of the fence. 

It is old iron which has been broken up into pieces. 
Now watch what happens.” 

The pile of old iron was really in a shed that was 
joined to the steel mill. The shed had a high roof. It 
did not have any sides. Just under the roof there was 
an opening between the shed and the mill. A bright 
light was shining through this opening. 

Something was moving out of the opening. It was 
big and black. It was shaped like a round cake, but it 
was too big and black to look like a cake. 

It moved over to the highest part of the pile of iron. 
Then it began to come down. It came down until it 
touched the pile of iron. 

Just as soon as it touched the pile, it began going up 
again. But now it was carrying a big load of iron. 
It went back into the mill carrying its big load. No 
one could be seen anywhere. 

“It must be magic,” Edward said. Nancy thought 
so, too. But of course there was not any magic. 
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The round ‘‘cake” that came down on the pile of iron 
was a big magnet. It was like the one in the picture 
on page 2. It traveled out to the pile on a track up 
close to the roof. It was fastened to a steel rope. This 
rope could be wound up to lift the magnet. It could 
be unwound to let the magnet down. 

A man was working a machine that made the magnet 
move in and out and up and down. But he was inside 
the mill. No wonder Edward and Nancy thought that 
they were seeing magic! 


sAll-the-time””? Magnets 


Probably you have never seen a big magnet like 
the one Nancy and Edward saw. But you may have 
played with little magnets. The picture at the bottom 
of this page shows some little magnets. 

Two of the magnets in the picture are shaped like 
horseshoes. They are called horseshoe magnets. One 
of the magnets in the picture is shaped like a U. 
Magnets like this are called U-shaped magnets. The 
straight, flat magnet is a bar magnet. — 

If you have ever played with magnets, you know 
that they pick up little things made of iron or steel. 
We say that magnets attract iron and steel. “Attract” 
means “pull.” 

Magnets attract big things made of iron and steel, 
too. Usually small magnets are not strong enough to 
lift big things made of iron and steel, but they pull 
them. It is easy to feel the pull. 

The picture on page 5 shows some things that 
magnets will pick up and some that they will not pick 
up. They will pick up jacks, needles, thumbtacks, paper 
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clips, and nails. All these are made of iron or steel. 
They will not pick up the other things in the picture. 

Are you surprised that magnets will not pick up 
paper fasteners and pins? Many people think that 
magnets will attract anything made of metal. But 
these people are wrong. Magnets do not attract 
all metals. Paper fasteners are made of brass. Most 
common pins are made of brass coated with tin. 
Magnets do not attract brass or tin. 

Magnets do attract a few substances besides iron 
and steel. Some of these substances are pure metals, 
and some are mixtures of metals. You do not need to 
know their names, for either they are very uncommon 
or they are attracted only a very little. 

A few days after Edward and Nancy saw the big 
magnet at the steel mill, Nancy dropped a dime behind \ 
the radiator in her room. | h | 

“T know how I am going to get it out,” she said. 

She got a magnet and tied it on the end of a string. | 
She let the magnet down behind the radiator and ba 
moved it from one end to the other. Then she pulled | 
it up again. But it did not bring the dime with it. She | 
tried several times, but her plan did not work. 

A dime is made mostly of silver. It has no iron or 
steel in it. Do you see why Nancy’s plan for getting 
her dime would not work? , 

If you picked up a paper clip with one of the magnets @ 
in the picture on page 4, the magnet would hold the 
paper clip until someone pulled it off. Magnets like 
these keep their magnetism. They are magnets all the 
time until they wear out. There is another name for 
‘‘all-the-time” magnets. It is permanent magnets. 
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The big magnet in the picture on page 2 is not a 
permanent magnet. It is a “sometimes” magnet. Its 
magnetism can be turned on and turned off. Later 
you will find out how. In this book there are many 
pictures of ‘“all-the-time” magnets. There are also 
many pictures of “sometimes” magnets. By the time 
you have finished reading the book, you will be able 
to tell one from the other. 

Most magnets are made of iron or steel. All the 
magnets on page 4 are made of steel. The boy and 
girl in the pictures on this page are finding out why 
steel is better than iron for ‘“‘all-the-time”’ magnets. 

The boy is holding a bar magnet. It is attracting 
an iron bolt. Do you see the black ‘‘fuzz”’ on the end 
of the bolt? It is made of tiny bits of iron. They 
are called iron filings. The bolt can hold the filings 
because it is now a magnet. It is a magnet because 
it is touching a magnet. 

But when the boy pulls off the bolt and moves it a 
few inches away from the bar magnet, it will drop 
the filings. It does not keep on being a magnet. 
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The girl is holding a bar magnet just like the one 
the boy has. Her magnet is attracting a steel needle. 
The needle is attracting some iron filings. It, you see, 
is a magnet, too. 

But when the girl moves the needle away from the 
bar magnet, it will not drop all the filings it is holding. 
It will still be a magnet. 

Do you see now why steel is better than iron for 
permanent magnets? It holds magnetism much better 
than iron does. 


How Magnets Got Their Name 


There is an old story which tells that magnets were 
named for a shepherd boy. Here is the story. 

A very long time ago there lived in Greece a 
shepherd boy named Magnes. Like most shepherds, 
Magnes carried a long stick, or crook. One end of it 
was made of iron. 

One day Magnes was standing in a meadow watching 
his sheep. He happened to rest his crook on a rock. 
When he started to go away, he could not move the 
crook. The iron end was held tight by the rock. 

No one had ever found this kind of rock before. 
It was named for Magnes. Pieces of it were called 
“magnets.” Later, pieces of steel that acted like 
this kind of rock were also called magnets. 

Another story says that magnets got their 
name from a part of Greece called Magnesia. 

In this part of Greece, the story tells, there 
was a kind of rock that would pull to it 
things made of iron. 

Probably the story of Magnes is not 
true. The other story may not be true 
either. No one really knows how 












magnets got their name. But one part of both stories 
is true. There is a kind of rock that attracts iron and 
steel. Pieces of this rock were the first magnets people 
knew about. 

The kind of rock that attracts iron and steel is called 
magnetite (mag’ne-tit). If you have ever gone to see 
the great iron mines in the northern part of our 
country, you have probably seen some magnetite. It is 
one kind of iron ore. Another name for magnetite is 
lodestone. 

The Chinese have known about lodestone since very 
early times. They may have known about it before 
the Greeks did. They gave it a name which means 
“the stone that loves iron.” 

For hundreds of years people believed that some- 
where there was a great mountain of lodestone. It was 
supposed to rise out of the sea. Sailors were afraid 
of it. They thought that if a ship came near it all 
the loose pieces of iron on the ship would fly to the 
mountain. At last even the iron nails and bolts would 
be pulled out of the ship, and it would fall apart. We 
know now that there is not any such mountain. 

The girl in one of the pictures on page 12 is holding 
a piece of lodestone. She has dipped it in iron filings. 
Some of the filings are sticking to it. A piece of 
lodestone is an “all-the-time” magnet. 

People must have made the first steel magnets by 
rubbing pieces of steel with a piece of lodestone. You 
do not have to do anything to pieces of lodestone to 
make them into magnets. They are natural magnets. 

Pieces of lodestone cannot pick up very big loads. 
When we want a good magnet, we do not hunt for a 
piece of lodestone. People have learned to make much 
stronger magnets. 
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More about ‘‘All-the-time’’ Magnets 


The ends of a magnet are called its poles. Every 
magnet has two poles. One is its north-seeking pole. 
The other is its south-seeking pole. If you hang up a 
magnet so that it can turn around easily, you will see 
how its poles got these names. The magnet will turn 
until one pole is pointing north, and the other south. 
The poles of magnets are often marked with the letters 
N and S. The N pole is the north-seeking pole. The 
S pole is the south-seeking pole. 

Magnets are strongest at the poles. One of the 
pictures on page 9 shows a bar magnet that was put 
down on a pile of paper clips. When the magnet was 
lifted, many paper clips came up with it. But not many 
paper clips stuck to the middle of the magnet. Almost 
all of them are near the poles. Notice that they hang 
in chains. They are not fastened together. The big 
magnet makes magnets of the paper clips. 

The poles of a horseshoe magnet are close together. 
The two strongest parts of the magnet are near each 
other. Suppose you want to lift a long nail. You might 
not be able to hold both poles of a bar magnet against 
it. But both poles of a horseshoe magnet could 
easily be used to pick up the nail. 

Notice the U-shaped magnet in one of the 
pictures on page 9. The chains of paper clips 
reach from one pole of the magnet to the other. 

Magnets. do not attract paper. But they do 
attract through paper. The magnet in one of 
the pictures on page 9 is holding up a piece of 
paper. It is not attracting the paper. It is 
attracting the paper clips underneath the 
paper. If you have a good magnet, you will 
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find that you can pick up a piece of paper with it. All 
you have to do is to lay the paper on top of some 
iron or steel. 

In the fourth picture on page 9 a magnet is holding 
up a piece of copper. It is not attracting the copper. 
It is attracting the paper clips through the copper. 

The force of a magnet will go through many things 
besides copper and paper. Glass, cardboard, wood, and 
cloth are a few of them. 

The boy in one of the pictures on page 12 is lifting 
one bar magnet with another. Notice that the N pole 
of the top magnet is touching the S pole of the bottom 
magnet. The S pole of the top magnet is touching the 
N pole of the bottom magnet. The top magnet would 
not pick up the bottom magnet if the two N poles and 
the two S poles were put together. The picture on 
page 18 shows an easy way of finding out why. 

One magnet in the picture is hung up so that it can 
turn around. If the N pole of another magnet is held 
near the S pole of the magnet that is hanging up, the 
two poles come together. They attract each other. 

If the S pole of the other magnet is held near the 
N pole of the magnet that is hanging up, the two poles 
come together. They attract each other. 

But if the N pole of the other magnet is held near 
the N pole of the magnet that is hanging up, the 
two poles do not come together. Instead, the N 
pole of the magnet that is hanging up moves 
away from the other N pole. We say that one N 
pole repels the other. 

The two S poles act just the same way. They 
push, or repel, each other. Do you see now why 
one magnet will not pick up another if the two 
N poles and the two S poles are together? T 
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You have now found out four things about what 
happens when two magnets are near each other. These 
are the four things: 

An N pole attracts an S pole. 

An § pole attracts an N pole. 

An N pole repels another N pole. 

An § pole repels another §S pole. 

There is a shorter way of saying these same four 
things. Poles that are alike repel each other. Poles that 
are not alike attract each other. 

Not many magnets can roll. But magnets like the 
little ones in the picture on page 18 can. If these two 
magnets are laid down half an inch apart on a smooth 
table, they may roll together. They may roll away from 
each other instead. Can you tell why? 

The poles of many magnets are not marked. But it 
is very easy to tell which pole of a magnet is which 
if you have another magnet that 7s marked. The N pole 
of the magnet which is marked will push away one 
end of the other magnet. The end that is pushed away 
is the unmarked magnet’s N pole. 
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No one can tell by looking at a magnet how strong 
it is. A little magnet may be stronger than a big 
magnet. Notice that some of the magnets in the 
picture on page 14 are stronger than others. 

A strong magnet can make little pieces of iron and 
steel jump up to it if it is held near them. If you have 
two magnets, you can tell which one is stronger by 
finding out which one will make a paper clip jump 
up farther to it. 

The design in the picture on page 16 was made on 
blueprint paper with a bar magnet and some iron 
filings. A piece of cardboard was laid on top of the 
magnet, and the blueprint paper was laid on it. Then 
iron filings were sprinkled on the paper. As they fell, 
the magnet pulled them into place to make the pattern 
shown in the picture. The blueprint paper with the 
filings on it was put in the sun for a minute or so 
and then washed. 

The design on page 17 was made with a horseshoe 
magnet. Can you see where the poles of the magnet 
are? Notice the lines of filings that go from pole to pole. 

There are two more designs on the inside covers. 
Two magnets were used to make each of these designs. 
In one of them two N poles were put near each other. 
The lines of iron filings do not go from one N pole to 
the other. In the other design the lines of filings do 
go from one pole to the other. An N pole was put near 
an § pole. Can you tell which design is which? 

If you have one magnet, you can make more magnets. 
You do not need anything but some pieces of steel. An 
easy way to magnetize a piece of steel is to stroke it 
with one pole of a magnet. It is best to stroke it in only 
one direction, not back and forth. 
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A piece of iron or steel can become a magnet without 
touching a magnet. The little picture at the bottom of 
page 11 shows an iron nail that is a magnet because 
it is near a strong magnet. The nail is not touching 
the other magnet. Pieces of iron and steel become 
magnets when they come close to a strong magnet. 

The iron nail in the picture will drop the tacks as 
soon as the strong magnet is moved away. Iron, you 
remember, does not keep its magnetism. “All-the-time”’ 
magnets are never made of pure iron. 


Taking Care of Magnets 


Magiets like those you have been reading about 
wear out. They get weaker and weaker until finally 
they are too weak to pick up anything at all. But 
good magnets will last for a long time if they are 
taken care of. 

If you have a horseshoe magnet, you probably have 
a keeper for it. A keeper is a little piece of iron. It is 
put across the poles of a horseshoe magnet when the 
magnet is not being used. It helps the magnet keep 
its magnetism. 


14 





A U-shaped magnet usually has a keeper, too. For a 
big U-shaped magnet the keeper has to be rather long 
to reach from one pole to the other. 

Bar magnets come in pairs. Each pair has two 
keepers. When bar magnets are put away, they should 
be laid side by side in this position: 
Then the two keepers should be laid across the ends. 

Dropping permanent magnets usually makes them 
weaker. Heating them very hot makes them weaker, 
too. Pounding them is another way of making them 
weaker. Putting two magnets away with their N poles 
together and their S poles together is one more way 
of making magnets weak. 

Here are four rules for you to follow if you have 
any permanent magnets: 

Put keepers on your magnets when you are not 
using them. 

Be careful not to drop your magnets or to pound 
them with anything. 

Never put your magnets away with poles that are 
alike together. 

Never hold your magnets in a fire. 


15 


See for Yourself 


1. The pictures on pages 6, 9, 11, 12, and 14 show 
several experiments with magnets. Try as many of 
these as you can. 

2. Get a steel knitting needle. Make it into a magnet 
by stroking it about fifty times with one pole of a 
strong magnet. Do not stroke it back and forth. Stroke 
it always in the same direction. 

After you have finished stroking the needle, dip it 
into iron filings. It should pick up some. 

The girl in the picture on page 10 is making a 
magnet out of a knitting needle. 

_ 38. Gather together as many permanent magnets as 
you can. Find out which one is the strongest. 

4. Get thin sheets of as many different kinds of 
materials as you can. Put some iron filings on each 
one. Move a magnet around under first one and then 
another. Does the force of the magnet go through all 
of them? 

5. By using a magnet find in your school room as 
many things as you can that are made of iron or steel. 
Try, for example, the hinges on the doors. 





6. Get an iron machine bolt. Rub it just the way 
you rubbed the knitting needle. Dip it in iron filings. 
Is it a good magnet? Can you tell why or why not? 
If you cannot, read pages 6 and 7 again. 

7. Lay a bar magnet flat on a table. Put a piece 
of heavy cardboard on top of it. Sprinkle iron filings 
on the cardboard. Tap the cardboard very gently. You 
should get a pattern like the one on SES Aa 16. 

Lay two magnets in this position: ———__—_4) 
What pattern do the iron filings make? Then a the 
magnets in this position: 

With a horseshoe magnet and iron filings, make a 
pattern like the one on this page. 

8. Try to get two magnets the shape of those shown 
on page 13. With them do the experiment you were 
told about in the next-to-last paragraph on page 12. 

9. Get a magnet that is not marked. Find out 
which pole is which. If you do not know how, the last 
paragraph on page 12 will tell you. 

10. The head of the hammer in one of the pictures 
on page 28 is a magnet. It will hold a tack while you 
drive it in. Make the head of a hammer into a magnet 
by stroking it with a ae magnet. 
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Compasses 


One afternoon Nancy and Edward went riding on 
their bicycles. They rode out into the country. For a 
while they went along a broad, straight road. Then 
they came to a crossroad. 

“Let’s go this way,” said Nancy. “If we do, I don’t 
believe we will meet many cars.” 

The children turned and went along a narrow road. 
The road had many turns in it. 

Nancy and Edward rode and rode. Finally Nancy 
said, “It must be getting late. We had better turn 
around.” 

They turned around and started back. After a while 
they came to the crossroad again. 

“Which way do we turn?” asked Edward. 

“T don’t know,” said Nancy. 

Edward did not know either. The children could not 
remember which way they had come. 

Nancy said, “I guess we are lost.” 

“No, we are not,” said Edward. “I know which 
direction to go. Home is north of here. We will have 
to ride north to get home.” 
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“But which way is north?” Nancy asked. 

Edward did not know. 

“Oh, I have an idea!” said Nancy. “We can find 
which is north by seeing where the sun is.” 

Nancy and Edward looked at the sky. It was a 
cloudy day. They could not see the sun. 

“Your idea doesn’t work today,” said Edward. “But 
now I have one.” 

He took something out of his pocket. It was shaped 
like a watch. The left-hand picture on this page shows 
how it looked. Inside it there was a little flat piece 
of metal that moved. 

“This is my Boy Scout compass,” said Edward. ‘““We 
can tell from it how to get home.” 

“How?” asked Nancy. 

“A compass tells directions,’ Edward answered. 
“One end of the needle points north. Watch it.” 

Edward held the compass still. The needle turned. 
Then it stopped. It stayed still. The dark end of the 
needle kept pointing in one direction. 
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“See,” said Edward. “That way is north. We shall 
have to turn to the right to get home.” 

“Are you sure?” asked Nancy. 

“Yes,” said Edward. “A compass needle points 
north.” 

“Why does the compass have letters around the 
edge?” Nancy asked. 

“Those letters make it easy to tell directions,” said 
Edward. “Look.” 

Edward turned the compass carefully. The needle 
kept pointing the same way. Edward turned the 
compass until the letter N was under the dark end of 
the needle. 

“N stands for north,” said Edward. “We know that 
the compass needle is pointing toward the north. Now 
we can tell the other directions, too.” 

“Oh, I see,” said Nancy. “H must stand for east. 
The compass tells us that east is back of us.” 

“Yes,” said Edward, “and S means south, and W 
means west. If you move the compass so that the 
letter N is under the north-pointing end of the needle, 
you can tell the other directions easily.”’ 

“Tt is fun to find your way with a compass,” said 
Nancy. “We must always carry this one with us when 
we go bicycle riding.”’ 

The children got on their bicycles. They turned 

ewe to the right. They knew now that they were 
= going north. 

: As they rode along, Nancy was thinking 

_-. about the compass. ‘‘What makes the com- 

pass needle point toward the north?” she 
asked. 

Edward did not know. “I will ask 
our scoutmaster,” he said. 














Edward did not forget to ask the scoutmaster. Here 
are some of the things he found out. 

A compass needle is a small magnet. It is fastened 
so that it can turn around easily. The needle is like 
the one in the right-hand picture on page 19 except 
that it is shut up in a case and is not so big. 

A compass needle points north and south, just as 
any magnet does that can turn around easily. The 
reason is that the earth is a big magnet. The earth 
pulls the magnet into place. 

A compass will not work if there is a strong magnet 
near it. The magnet will pull the compass needle 
harder than the earth is pulling it. 

A compass will not work either if there is a great 
deal of iron or steel near it. The iron or steel will 
attract the needle. 

Sailors use compasses to tell direction. There are 
no roads or signs on the ocean to show sailors which 
way to go. Ships would get lost often if they did not 
have compasses. If Columbus had not had a compass, 
he probably would have been afraid to start on a long 
voyage. He might never have found America. 

Airplane pilots use compasses, too. They have to 
know in what direction they are going. Compasses, you 
see, are very important. 


Three Magnet Toys 
A MAGNETIC DUCK 


The girl in the left-hand picture on page 23 is 
playing with a bar magnet and a toy duck. When she 
holds one end of her magnet near the duck, the duck 
comes toward it. When she holds the other end of her 
magnet near it, the duck goes away. You can guess 
that the duck has a magnet in it. 
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To make a duck like this one, you need: 


A flat cork about 114 inches across. 
A big darning needle. 

A piece of paper. 

A cake of paraffin. 

Make the darning needle into a magnet. Rub it fifty 
times with one pole of a strong magnet. Rub it always 
in the same direction. After it is a magnet, push it 
through the center of the cork. About half an inch of 
it should stick out below the cork. 

Cut out of the paper two ducks shaped like the 
pattern at the bottom of page 21 but twice as large. 
Lay them on the table in front of you so that they are 
facing each other. Color them any way you like. 

Then bend the round flaps straight up along the 
dotted lines. Paste the two ducks together with their 
colored sides out. Before the paste dries, slip the ducks 
down over the top of the needle. Paste the flaps to 
the top of the cork. 

Melt the paraffin in a pan. Hold the toy by the part 
of the needle that sticks down below the cork. Dip the 
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toy in the paraffin, and hold it till the paraffin on it 
hardens. The paraffin makes the duck waterproof. 

Put the duck in a bowl of water. Hold the N pole 
of a bar magnet near it. If the top of the needle is its 
N pole, the duck will go away. If it is the S pole, it 
will come to the magnet. 


A HOMEMADE COMPASS 


The girl in the picture on page 22 is looking at a 
homemade compass. For a compass like this one, you 
need : 


A flat cork about 114 inches across. 

A darning needle. 

A piece of heavy, bare copper wire 10 inches long. 

A piece of fine, bare copper wire about 3 inches long. 
A short piece of silk thread. 


Punch a small hole in the middle of the cork. Push 
the piece of heavy copper wire through the hole until 
all but about half an inch of the wire is below the cork. 
Bend over this short end so that it is lying flat on the 
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top of the cork. Bend the long end over to the edge 
of the bottom of the cork and up along the side. Then 
bend the top over so that it makes a support like the 
one in the picture. 

Make the needle into a magnet by rubbing it with 
one pole of a strong magnet. Remember to rub it 
always in the same direction. 

Wrap the fine copper wire around the needle like 
this: -Gee} Twist the two ends together like this: 
Gee) Tie the wire loop to one end of the piece of 
silk thread. 

Tie the other end of the thread to the wire support. 
The compass is now finished. The needle should point 
north and south. 

Notice that there is not any iron in the support for 
the compass needle. If you used any iron nails or tacks 
in making a compass, they would attract the compass 
needle, and it might not point north and south. 


A MAGIC TUBE 
For this toy you need: 


A piece of soft glass tubing 8 inches long. 
Some iron filings. 

Melt one end of the tube shut by holding it in the 
flame of a Bunsen burner. After that end of the tube 
is cold, fill the tube about a fourth full of iron filings. 
Then hold the open end of the tube in the flame of 
the Bunsen burner until it melts shut. 

After the tube is cold, hold it the way the boy in 
the right-hand picture on page 23 is holding the one 
he has made. Move a magnet under the tube. You can 
make the iron filings stand on end. You can move them 
from one end of the tube to the other, too. 
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Electric Magnets 


More than a hundred years ago a scientist was doing 
some experiments with magnets. He wound a coil of 
wire around a piece of iron. Then he sent a current of 
electricity through the wire. He noticed that the iron 
attracted bits of iron or steel. It was a magnet. Next 
he shut off the electric current. Now the iron would 
not pick up bits of iron and steel. It was not a magnet 
any longer. But it was a magnet again as soon as 
the current was turned on. The scientist had found 
out how to make a new kind of magnet. 

Magnets like the one the scientist made are some- 
times called electric magnets. They are sometimes 
called electromagnets instead. ‘Electric magnet’? and 
“electromagnet” mean just the same thing. 

Electric magnets are now very common. Every 
electric magnet has two parts. One part is a piece of 
iron. The piece of iron may be almost any size or 
shape. It is called the ‘“‘core” of the magnet. The other 
part is a coil of wire. The coil of wire is wrapped 
around the iron core. 

Whenever a current of electricity flows through the 
coil of wire, the iron becomes a magnet. The iron loses 
its magnetism when the current stops flowing. 

You have been told that the big magnet shown on 
page 2 is not a permanent magnet. It is an electric 
magnet. You cannot see the coil of wire. It is hidden 
by an iron cover. 

The big magnet that Nancy and Edward saw when 
they were passing the steel mill was an electric magnet. 
If they had seen it in the daytime, they would have 
seen wires coming from it. 
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If Nancy and Edward could have followed the big 
magnet into the steel mill, they would have seen it 
carry its load of iron to a certain place in the mill. 

Then they would have seen it drop its load and start 
back for a new one. 

You already know that a man inside the mill was 
working the machine that made the magnet move in 
and out and up and down. He was making the magnet 
pick up its load and drop it, too. 

Probably you have used a switch to turn an electric 
current off or on. There is a small electric switch in 
each of the pictures on page 25. It has a white base, 
and there is a copper arm that can be moved up and 
down. When the copper arm is pushed down, we say 
that the switch is closed. An electric current can flow 
through it then. When the copper arm is lifted up, 
we say that the switch is open. An electric current 
cannot flow through it. 

The man who was making the big magnet in the q 
steel mill work was using a switch to turn the electric 
current off and on. When the magnet was over the 
big pile of iron, he closed the switch. The electric 
current flowed through the magnet, and the magnet 
picked up a big load of iron. The man kept the 
switch closed until the magnet had carried the iron 
to the place where it was needed. Then he opened 
the switch. The electric current stopped flowing 
through the magnet. The magnet dropped its load 
of iron at once. | 

Big electric magnets are often used to carry 
heavy loads of iron. If these big magnets were 
permanent magnets, their loads would have to be 
pulled off. Pulling them off would take a great deal 
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of work. When you want a magnet to pick up things 
and then put them down, a “sometimes” magnet is 
better than an “all-the-time”’ magnet. 

Do you see now why the core of an electromagnet 
is made of iron? Iron can be made into a magnet easily, 
but it does not keep its magnetism. If the core of an 
electromagnet were made of steel, it would not drop 
its load when we wanted it to do so. 

The magnets in the pictures on page 25 are electro- 
magnets. They are small ones. Dry cells are being used 
to furnish an electric current for these magnets. 

You cannot see the coil of wire in the magnet in 
the first picture. It is hidden by an iron cover. This 
magnet is made so that a rod of iron fits down in a 
hole in the top of the iron cover. The boy is holding 
the magnet, and the girl is trying to pull the rod out. 
The magnet is holding the rod so tightly that she cannot 
pull it out. But as soon as the switch is opened, the 
rod will come out easily. 
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A homemade electric magnet is being used in each 
of the other three pictures. In the first of these pictures 
the magnet is picking up a load of iron filings. Notice 
that the switch is closed. In the second picture the 
magnet is picking up a bigger load of filings. It is 
getting its current now from two dry cells, and the 
current is stronger. The magnet is stronger because 
the current is stronger. In the last picture the magnet 
is not holding any load at all. The switch is open, and 
no current of electricity is flowing through the magnet. 

Sometimes electric magnets are used to break up 
scrap iron into pieces that are small enough to be put 
into a furnace. An electric magnet lifts a heavy weight 
high above the iron. This weight is called a “skull 
cracker.” Then the switch is opened, and the magnet 
drops the skull cracker on the iron. 

The small electromagnet in the left-hand picture 
on page 28 is a little like the big magnets that lift 
skull crackers. 

Electric magnets are used for sorting scraps of 
metal. Suppose there is a big heap of old metal in a 
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junk yard. It would take a man a long time to sort 
out the pieces of iron and steel from the heap. An 
electric magnet can do this work very quickly. 

Electric magnets do many, many other jobs. In flour 
mills they pick out the bits of iron that have broken 
off the machinery and got mixed with the grain. If 
these bits of iron stayed in the grain while it was being 
ground, they might get hot enough to cause a fire or 
an explosion. 

Electric magnets help keep iron and steel from being 
wasted. In a needle factory an electric magnet gathers 
up the tiny pieces of steel that were chipped off while 
the needles were being made. These bits of steel can 
be used again. 

Doctors sometimes use small electric magnets to 
take pieces of iron or steel from people’s bodies. In 
beauty shops electric magnets are sometimes used to 
take wire hairpins out of hair. In hardware stores 
electric magnets are often used to take nails from 
nail bins. There are many other uses for these “some- 
times” magnets. 

Electric magnets can be made that will lift loads 
of many tons. The strongest permanent magnets are 

not nearly so strong. 

Electric magnets attract the same things per- 
manent magnets attract. They have poles just as 
permanent magnets have. They can _ attract 
through paper and glass and many other things 

IN just as permanent magnets can. But remember 
that there is one very important difference 

between these two kinds of magnets. Per- 
manent magnets are magnets all the time. 
Electric magnets are not magnets except 
when electricity is flowing through them. 
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Making an Electric Magnet 


Would you like to have a small electric magnet to 
play with? You can easily make one like the homemade 
magnet in the pictures on page 25. 

Here are the things you need to make your electric 
magnet: 

An iron machine bolt about 214 inches long, with a nut on 
one end. 

About 8 yards of No. 24 double-cotton-covered copper 
magnet wire. 

A small piece of paper. 

A gummed label. 

First wrap the piece of paper around the bolt. Stick 
the paper in place with the gummed label. The paper 
will make it easier for you to wrap the wire syria 
around the bolt. 

Start winding the wire on the bolt, but start about 
a foot from one end of the wire. You will need a foot 
of wire for connections. 

Begin winding at the end of the bolt that has the 
nut on it. After you have used the magnet many times, 
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the wire may break where the winding starts. If you 
begin the winding at the nut end of the bolt, you can 
take off the nut and mend the break. You will not 
have to unwind all the wire. 

Wind the wire on the bolt until there is only about 
a foot left. Then twist the two ends of the wire together 
to keep it from unwinding. 

To make your electric magnet work, you will need 
two other things—a dry cell and a switch. From the 
pictures on page 25 you can tell how the cell, switch, 
and magnet should be connected. There are screws on 
the switch and the cell to hold the wires in place. Be 
sure to take the cotton covering off the ends of the 
wires before you make the connections. If you wish, 
you may use two cells instead of one. 

Perhaps you have a transformer at home that you 
use to run a toy electric train. If you have, do not try 
to use it to make your magnet work. Your magnet 
is meant to be used with dry cells. 


A Magnet Hunt 


You use magnets much more than you know you do. 
There are magnets hidden in many of the things 
around you. Would you like to go on a magnet hunt? 
all 1 Smee Suppose we hunt for magnets in your home. 

P . Probably you have an electric doorbell. It 
rings when. you push a button. Inside the door- 
bell there is an electric magnet. The left-hand 

picture on page 29 shows an electric doorbell. 
The cover has been taken off so that the 
magnet shows. The boy has connected the 
doorbell to a push button and a dry cell. The 
bell will ring when he pushes the button. 
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The electric magnet is a very important 
part of an electric doorbell. The bell would 
not ring if you took the magnet out of it. 

The electric magnet in a doorbell is made Sag 
so that its poles are close together. It is & 
like the magnet in the picture on this page. ~ 

Perhaps you live in an apartment instead of in a 
house. If you do, the front door of the building your 
apartment is in probably has an electric door-opener. 
An electric door-opener has an electric magnet in it. 

You ring the doorbell when you come home from 
school. Then someone in your apartment pushes a 
button. You hear a buzz. The magnet in the door- 
opener is pulling back the catch of the door. Now you 
can push the door open. 

Your telephone is made partly of magnets. A 
telephone receiver has a magnet in it. This magnet is 
made of an “all-the-time” magnet and an electric 
magnet put together. The diagram on page 31 shows 
how a telephone receiver is built. It is easy to see the 
magnets in the drawing. 

Perhaps you have a telegraph set like the one in 
the picture on page 35. Telegraph sets have electric 
magnets in them. 

You are almost sure to have a radio. Radios have 
electric magnets in them. So do television sets. 

The picture on page 34 shows a toy motor. You may 
have one like it. There are two electric magnets in it. 
Toy electric trains are run by small electric motors. 

There are probably some big electric motors in your 
house. Vacuum cleaners, electric mixers, and electric 
fans are run by electric motors. So are electric sewing 
machines and electric washing machines. Whenever 
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you use one of these machines, you are using magnets, 
because all electric motors have magnets in them. 

When you are at home, you often use magnets that 
are not inside your house. Do you wonder how? The 
right-hand picture on page 29 will help you see. 

There are four U-shaped magnets in the machine in 
the picture. Between the poles of these magnets there 
is a coil of wire. When the handle of the machine is 
turned, this coil is turned round and round. A current 
of electricity begins to flow through the wire. It lights 
up the lamp bulb. 

The electricity that comes into our houses comes 
from very big machines like the little machine in the 
picture. These big machines have big electric magnets 
in them. Whenever you turn on the electric lights, 
you are putting magnets to work for you. These 
magnets are in a power house that may be far away, 
but they are working for you just the same. 

In your magnet hunt you have found magnets in 
many things. Would you like to have to get along 
without any magnets to help you? 
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Do You Know Now? 


1. Some magnets keep their magnetism. These 
magnets are called permanent magnets. 

2. Some magnets are electric magnets. They are not 
magnets unless a current of electricity is flowing 
through them. 

3. Magnets are made in many different shapes. 

4. Some magnets are much stronger than others. 

5. Magnets attract iron and steel. 

6. The force of a magnet can go through paper, 
glass, wood, and many other materials. 

7. Every magnet has an N pole and an § pole. 

8. Two poles that are not alike attract each other. 

9. Two poles that are alike repel each other. 

10. Magnets are strongest at the poles. 
11. Compasses tell direction. 
12. A compass needle is a magnet. 
13. It is easy to make an electric magnet drop a load 
it is carrying. | 
14. Electric magnets are used in many ways. 
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See for Yourself 


1. In the pictures on pages 9, 11, and 18 the children 
are doing experiments with permanent magnets. Do 
the same experiments with an electric magnet. 

2. Get a permanent magnet and an electric magnet. 
Find five things the permanent magnet will pick up. 
Try to pick up these same things with the electric 
magnet. Find five things the permanent magnet will 
not pick up. Try to pick up these same things with 
the electric magnet. 

3. Empty out a can of iron filings on a big sheet of 
paper. Use an electric magnet to sweep them up and 
put them back in the can. 

4. Mix some pins and needles. Try to separate the 
pins from the needles with an electric magnet. You 
can separate them easily if the pins you use are brass. 
Most pins are made of brass coated with tin. 

5. Build a toy derrick. Fasten a little electric magnet 
to it. Use the derrick and magnet to move nails from 
one place to another. 

6. Connect an electric magnet with a switch and a 
cell. Close the switch. Lay a piece of cardboard on the 
electric magnet. Sprinkle iron filings on the cardboard. 
If your magnet is straight, you will get a pattern very 
much like the pattern on page 16. 

7. Look at an electric lamp bulb, an electric heater, 
and an electric buzzer. Which one has an electric 
magnet in it? 

8. If you made an electric magnet, find out how 
many nails it will pick up when it is connected to a cell. 
Now use two cells and find out how many it will pick 
up. Do not use more than two cells. The magnet will 
get too hot if you do. 
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